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Abstract 
Housing Nantucket aims to provide low and moderate income residents of Nantucket 
with comfortable, affordable housing that is also energy efficient. The goal of this project was to 
research ways in which Housing Nantucket could improve the energy efficiency of their rental 
properties, expand their current property maintenance database, and plan a new eco-friendly 
office site to meet their ever growing demands. The final recommendations to housing Nantucket 
include a newly designed Access database, a list of improvements to be made to rental 
properties, an energy behaviors brochure to be distributed to tenants with Island wide 
applications, and suggested improvements to their office site plans. 
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Executive Summary 
Affordable housing is a problem in many communities in the United States, and 
Nantucket is no exception. On Nantucket, the median home price is over a million dollars and 
the average home sells for 2.4 million (United States Census Bureau, 2012). Nantucket’s status 
as a summer getaway location creates a very high demand for the limited number of properties 
available on the island. When a great number of wealthy individuals are willing to pay large 
sums for any available property this drives up value of all properties on Nantucket.  
Housing Nantucket, the island’s sole non-profit dedicated to providing affordable 
housing, oversees 27 affordable rentals for island residents. In order to increase the affordability 
of these properties, Housing Nantucket has made it their goal to make these homes as energy 
efficient as possible. Being the only on island organization dedicated to this cause, they have 
been expanding in order to fulfill the growing need for affordable housing; their current office 
and database could no longer support their needs as an organization. 
This project aims to help Housing Nantucket increase the energy efficiency of their 
existing rentals and address resulting from their expansion. The project has three main goals: 1) 
To evaluate the Housing Nantucket property database and provide suggestions on its 
improvement; 2) To assess tenant knowledge of energy saving behaviors and create educational 
materials that can be distributed to tenants and/or island residents, and 3) to assist Housing 
Nantucket in the development of their new office building by providing suggestions on viable 
energy saving technologies that could be incorporated into the building. 
1) Housing Nantucket’s existing database had no ‘search’ function, limited room for future 
expansion, and lacked definitive logical structure. For these reasons, we recommended the 
creation of a new database using the Microsoft Access database program and then designed the 
database for Housing Nantucket. The new Access database includes several sources of 
information, including energy related property data and provides a more functional and effective 
property management tool. 
 Our recommendation is that Housing Nantucket use the database frequently and keep it up-
to-date in order to ensure it will remain useful and functional. 
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2) We conducted a survey of tenants to assess energy saving attitudes and behaviors and to 
identify potential energy saving options. Eighteen of the twenty-seven tenants returned 
completed surveys. Based on the survey findings, we conclude: 
 Housing Nantucket tenants are fairly responsible when it comes to saving energy. Nearly all 
tenants said they turn lights off when they are not in the room, and many of them turn the 
thermostat down before leaving their house and add or remove layers of clothing to get 
comfortable rather than change the temperature. 
 Housing Nantucket properties suffer from many drafts, leading to a lack of comfort for 
tenants and wasted money and energy. 
 Many tenants do not unplug device chargers when they are not in use, even though they 
continue to draw power (‘phantom loads’). 
 Most tenants do not turn their cable boxes off when they are not watching television, even 
though these devices draw a lot of power. 
 Many properties include appliances that are not Energy Star™ certified. 
 The majority of tenants who responded said they are satisfied with Housing Nantucket as a 
landlord. 
Based on these conclusions, we recommend that Housing Nantucket: 
 Consider providing tenants with appropriate weather stripping for free or at a reduced cost. 
 Consider purchasing ‘smart power strips’ and providing them to tenants at reduced cost to 
prevent ‘phantom loads’ associated with device chargers. 
 Encourage tenants and advise them as necessary to program cable remotes to turn both the 
television and cable boxes off with one press. Most modern cable remotes support this 
feature. 
 Consider replacing all future appliances with Energy Star™ certified products. 
 Distribute the brochure on energy saving tips for tenants developed and designed by the team 
in response to the survey findings. 
 Consider developing a more generalized pamphlet for seasonal renters that could help reduce 
the large peaks of energy usage during summer months. 
 Housing Nantucket periodically gather testimonials from tenants in order to promote their 
program to others. 
 All future acquired properties should also be audited as it is a proven way to save energy. 
 At the end of the survey, we also asked if the survey taker would like to talk to us more 
about how Housing Nantucket, energy efficiency and the energy audits have improved their 
lives. Many tenants indicated they would like to meet with us, however only three replied. The 
tenants we interviewed shared truly interesting stories with us – we heard from tenants with 
highly seasonal work, lifelong residents, and single parents – all of whom have benefited greatly 
from Housing Nantucket. 
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3) Based on inspections of the Clifford House, discussions with Housing Nantucket staff 
and board members, and extensive review of the costs and benefits of different technologies, we 
recommend that Housing Nantucket should: 
 Redesign Clifford House in the following ways: The first floor should consist of two or more 
offices, one large conference room, a receptionist’s area, a children’s play space and a 
break/lunch room. The four bedrooms on the second floor should become offices with one of 
the rooms possibly becoming a storage room for files and paper records. 
 Rent the unused office space to other nonprofit organizations, allowing Housing Nantucket to 
earn back some of the renovation costs. 
 Place the building on an ICF foundation, which will save substantial amounts of energy in 
the long term and prevent mold. This will incur higher costs up front, which will eventually 
be paid off by lower energy expenses. 
 Include a 3.5 kW Photovoltaic system that will allow the office to produce 18% of its 
electricity a year for an installation cost of $20,000. The system will have paid for itself after 
10 years due to the energy bill savings and the full payment of the ten year incentive plan. 
The office can expect a 25 year lifetime return on investment of $14,924. 
 Install missing weather stripping and insulation. 
 Install CFLs throughout as they will provide $143.20 in savings per year and reduce energy 
consumption on lighting by 80%. 
 Install low flow fixtures, toilets and programmable thermostats. All of these items are 
comparable in cost to their inefficient counterparts, and will provide noticeable savings in 
water and energy use.  
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Introduction 
The need for affordable housing has expanded in recent years as property prices have 
increased faster than household incomes and a prolonged national recession has elevated 
unemployment and reduced labor force participation. Together, these developments have proven 
especially distressing for Nantucketers who rent, as property values have increased as renters’ 
disposable incomes have shrunk. 
People need access to affordable housing; without it, the quality of life in any community 
decreases. Affordable housing greatly improves property values of the surrounding area as well 
as the quality of life and appearance of the community as a whole (Bradshaw, Connelly, Cook, 
Goldstein, & Pauly, 2005). On Nantucket, affordable housing is especially important given the 
extreme income disparities among island residents. Housing has become so expensive that a 
family of four with an annual income of $155,345 would qualify for affordable housing 
provisions on Nantucket (NHA Properties Inc.). Though Nantucket residents earn more than 
150% the median income of those living on the mainland, their housing costs are almost three 
times as high; Nantucket’s residents are being forced to move off the island because they can no 
longer afford to live there. These are people who are essential to Nantucket’s continued vitality--
teachers, police officers, and service workers with modest incomes derived from multiple jobs 
tied to the Island’s tourism and construction industries. 
Housing Nantucket was formed in 1994 to create affordable housing options on 
Nantucket. Its commitment to energy efficiency is one way that it promotes affordability by 
lowering renters’ monthly costs for high-priced electricity on the island (which is significantly 
more expensive than elsewhere in Massachusetts and the nation)
1
.  
To fulfill its mission and protect the environment, Housing Nantucket requested that 
National Grid conduct energy audits of Housing Nantucket’s properties. Building on these recent 
audits is the first goal of our project-- to survey the current rental properties and their tenants to 
identify ways to reduce their energy use and costs and develop educational materials to show 
renters easy ways to save money. A second goal of the project was to assist Housing Nantucket 
in the redesign of their new office (a donated building known as the Clifford House) and to 
explore prospects for obtaining energy efficiency certifications and grants. Through our research, 
Housing Nantucket will have outreach materials to help educate its tenants and will benefit from 
reduced energy costs across all its properties. This document details our research and methods 
for helping Housing Nantucket to become more energy efficient, and thereby to promote housing 
affordability for the Islanders it serves. 
  
                                                          
1
 In the summer of 2011, prices of electricity reached as high as 21.9 cents per kilowatt-hour 
(Nantucket, Regular Residential (R-1), 2012).   
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1.0 Literature Review 
 Nantucket has a great need for energy efficient, affordable homes. In this section, we 
examine the nature of the affordable housing problem on Nantucket and how Housing Nantucket 
is addressing the problem. We also discuss Housing Nantucket’s commitment to alternative 
energy and energy conservation and explore certification programs that can lead to more energy 
efficient homes. 
1.1 Nantucket Island Context 
Nantucket is a small island off Cape Cod in Massachusetts, renowned for its rich whaling 
history and its beautiful landscapes and beaches (Figure : The Island of Nantucket ). 
 
Figure : The Island of Nantucket (Walling & Grey, 2005) 
After the collapse of its whaling industry, the Island experienced a localized economic 
depression. Walter Beinecke, “a savvy developer [and] dedicated preservationist” (Gertner, 
2001) recognized the Island’s charm and saw its potential investment value; his influence greatly 
affected the development of Nantucket into the center of wealth and luxury it is today. During 
the 1960’s through the 1980’s Beinecke purchased and sold many properties and parcels of land 
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on the island. He selectively sold and rented to high-end shops and businesses offering expensive 
goods tailored to attract a wealthy clientele. He staunchly supported preservation of the old town 
and protection of the Nantucket’s open, undeveloped spaces (Gertner, 2001).Under Beinecke’s 
influence, Nantucket’s economy was revitalized as the island evolved into a destination popular 
among the wealthy. 
Today, Nantucket experiences a massive influx of tourists and seasonal residents during 
the summer months. The year-round population is just over 10,000 but this figure increases 
dramatically during summer, peaking at 50,000-60,000 in July-August (About Nantucket, 2012). 
Nantucket residents depend on this yearly influx of people and consumer dollars to support their 
economy. According to the United States Census Bureau, retail sales were $30,997 per capita in 
Nantucket in 2007, compared with retail sales of $13,553 per capita in Massachusetts during the 
same year (United States Census Bureau, 2012). The island depends on tourism, but catering to 
wealthy tourists and seasonal residents has dramatically raised the cost of living on the island. 
The cost of housing is a particular problem for those of modest means. 
1.2 High housing costs cause issues for Island Residents 
The high cost of living associated with Island’s tourist economy makes it difficult for 
year-round residents like teachers, firefighters and policemen to afford to buy homes. In any 
other community, these people would be able to afford houses and live comfortably. The median 
value of a Nantucket house between 2006 and 2010 was $1,000,001 compared with $352,300 for 
Massachusetts as a whole. During this same time period, the median income of Nantucket 
households was $53,410 compared with $33,966 for all Massachusetts households (United States 
Census Bureau, 2012). Although Nantucket residents earn more than 150% of the median 
household income of Massachusetts mainland residents, Nantucketers’ housing costs are nearly 
three times as high. This means that for the 50% of residents with household incomes below the 
median,, housing for many is unaffordable based on national standards (e.g., HUD’s standard 
that housing costs should represent about 30% of a household’s income). 
Nantucket’s abnormally high housing costs are attributable in part to the discrepancy 
between the supply and demand of available real estate  Nantucket is a small island and 
approximately half the total land area of 45 ml
2
 is protected for conservation and cannot be 
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developed (About Us. History, 2012). Finding parcels of land that can be developed is extremely 
difficult, and competition among wealthy potential purchasers has driven prices up dramatically. 
As a result, “...Vacationers (particularly seasonal homeowners) now compete directly 
with Nantucketers for much of the same housing stock. Since prospective seasonal homeowners 
drawn to Nantucket typically are wealthy enough to afford a second home, they have bid the cost 
of housing up to a point where Nantucket residents and their offspring no longer can afford to 
buy homes here (Manville, Pagini, & Russell, 2000). Most of these homes sit vacant for most of 
the year, narrowing the number of homes available to islanders and only providing rental 
opportunities at inflated prices set by homeowners. Once a small group of people are willing to 
pay inflated prices for any parcel, the price of all parcels tends to rise—real estate values are 
appraised with reference to “comparables.” This appreciation in land value affects homeowners 
all across the island, whether they are looking to build new or have lived there for many years. 
Furthermore, increased property values can result in higher property taxes for homeowners, 
thereby intensifying financial strain on people who already own a home, potentially forcing them 
to leave the island in search of more affordable accommodations. 
Many people who live on the island are forced to find ways to compensate for these high 
prices. Some residents partake in what is locally known as “the Nantucket Shuffle,” whereby 
Nantucket homeowners vacate their residences during the summer, renting their property for a 
princely sum, then reoccupy their homes again in fall. Were more affordable housing options 
available on the island, fewer residents would need to leave during the summers to get by on 
payments for the rest of the year. For residents who earn their living at full-time island jobs, the 
“Nantucket Shuffle” imposes great hardship, forcing families to double up in cramped quarters 
or commute to work from Hyannis. Many workers in construction and other services are forced 
to live on the mainland and commute to the island by ferry either on a daily or weekly basis. 
Nantucket’s economy is dependent on people who can work in the restaurants and shops, which 
account for much of the Island’s tourist revenue. Many employers (town departments, cultural 
organizations, inns and restaurants) can only attract employees if they provide free or 
substantially subsidized housing. This means that businesses must charge customers more to 
compensate for these added costs of doing business on Nantucket. 
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1.3 High energy prices on Nantucket 
Nantucket receives nearly all of its electricity through two submarine cables from the 
Massachusetts mainland. The extra transmission charge incurred means that Nantucketers pay 
among the highest electric service rates in the nation, with a summer high rate of 21.9¢/kWh 
(Nantucket, Regular Residential (R-1), 2012). Electricity is not the only thing that is more 
expensive on Nantucket, living on a secluded island means most goods and many services are 
imported. This makes everything from food, to building materials, to fuel more expensive owing 
to transportation costs. The high cost of living on Nantucket is especially problematic for 
moderate- or low-income year-round residents. 
1.4 The Importance of Affordable Housing 
Affordable housing is defined as costing less than 30% of a household’s monthly income 
(Bradshaw, Connelly, Cook, Goldstein, & Pauly, 2005), a threshold many island residents 
exceed. Without affordable housing provisions, Nantucket could lose segments of the workforce 
that make the Island a prime tourist destination and lose its heritage as island-dwelling families 
look elsewhere for living space. Its economy relies on year-round residents who work in public 
offices, restaurants, and other businesses that support the tourist industry. Without these 
members of the community, the island would be unable to function. 
Affordable housing is necessary for the safety and well-being of any community. 
“Substantial scientific evidence gained in the past decade has shown that various aspects of the 
built environment can have profound, directly measurable effects on both physical and mental 
health” (Hood, 2005). Without suitable housing, families are more likely to suffer from illness, 
anxiety, and instability, all of which can be dangerous to the health of children. Affordable 
housing allows those who are struggling to make ends meet to get jobs and start careers; people 
who benefit from affordable housing can move on to become important parts of their community 
and worthwhile additions to a town’s workforce. 
With the assistance provided by affordable housing provisions, community members in 
need can get on their feet and no longer need such provisions, meaning others can then benefit 
from the same resources later on. Affordable housing also limits or and may reduce a 
community’s homeless population when implemented successfully. Investing in affordable 
housing is important because it helps people become valuable members of their community and 
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contributors to the local workforce. It also means younger community members will have better 
access to schools and employment, thereby reducing the long term need for further affordable 
housing provisions. With the aid of funding from the government and independent sources, many 
programs have been created to help these individuals in need of a home.  
1.5 Nantucket’s Efforts to Remedy the Problem 
As the need for affordable housing became more apparent during the 1990’s, concerned 
members of the community collaborated with the Nantucket Housing Authority to address the 
housing crisis on Nantucket. Public funding for housing projects was drying up, and it was 
determined that a better approach to the problem was to form a nonprofit and seek private 
funding. Stemming from this idea, NHA Properties Inc. (d/b/a Housing Nantucket) was created 
in 1994. Its mission was to promote “purchase, leasing, financing development, construction, 
management, control, and regulation” of housing for persons of “low, moderate, and middle 
income” within the town of Nantucket (NHA Properties Inc. Articles of Organization). 
 Today Housing Nantucket is comprised of seven board members who are year round 
residents with profession backgrounds in field including finance, law, real estate, building, and 
engineering. The organization has two full time employees (Executive Director Anne Kuszpa 
and Office Manager Milen Tsvetkov) and one part time office assistant. The organization’s goal 
has stayed true to the original plan as they continue to provide affordable housing for Nantucket 
families earning less than 150% of the island’s median income; about $155,000 for a family of 
four in 2012 (NHA Properties Inc.).  
One of Housing Nantucket’s most utilized programs is its affordable rental program. 
When the Town of Nantucket’s leaders designate certain land should be used for affordable 
housing, it requests proposals (RFP) from non-profit corporations to develop the land for that 
specific purpose. Responders are awarded the opportunity based on fulfilling certain criteria 
outlined in the RFP. Housing Nantucket has been awarded land in scattered sites around the 
island by responding to these RFP’s. Once awarded the land, Housing Nantucket either 
constructs a new dwelling or moves a house via flatbed truck onto the lot from another location. 
All units are designed or renovated to provide tenants with a quality living environment. Housing 
Nantucket is able to fund this program through private donations and grants, and the organization 
has created 27 affordable rental units on scattered sites in this way. The qualifications for these 
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homes vary according to the size of each family and their yearly incomes (Table 1: (U.S 
Department of Housing and Urban Developement). 
 
Income Verification 2012 
 
1 person 2 ppl 3 ppl 4 ppl 5 ppl 
 80% $58,000 $66,300 $74,600 $82,850 $89,500 
 100% $72,500 $82,875 $93,250 $103,563 $111,875 
 112% $81,200 $92,820 $104,440 $115,990 $125,300 
 Table : Income Verification Chart (U.S Department of Housing and Urban Developement) 
 In addition to its rental program, Housing Nantucket plays an instrumental role in the 
creation of affordable home-ownership opportunities for year round residents. In 2002, the 
Nantucket Housing Needs Covenant Program was introduced. This program allows property 
owners to sub-divide a lot that otherwise would not be dividable. One of the homes on the lot is 
sold in the open market, and the other is a restricted covenant unit designated for income 
qualified year round residents. Over forty-seven permanently affordable homes have been 
created in this way since 2002. 
 Housing Nantucket also provides education for those looking to find a new home. A nine 
hour course is offered twice a year to help future homeowners learn about buying a home 
including understanding the intricacies of mortgages and credit which can save new homeowners 
from unseen debt and other financial pitfalls. 
 With the current nation-wide economic recession, the need for affordable housing has 
skyrocketed. To meet these needs, Housing Nantucket staff is growing but sufficient office space 
is lacking. As a rapidly expanding organization, they plan to create an invaluable new resource 
center. This new building will become the center of Housing Nantucket’s operations, and a 
shining example of the organization’s commitment to energy efficiency. 
1.6 Housing Nantucket’s Commitment to Energy Efficiency 
 Housing Nantucket is committed to improving energy efficiency as part of its 
commitment to protecting the environment while providing affordable housing. This 
commitment can help the organization to attract potential donations and grants. Housing 
Nantucket’s tenants pay for their own utilities, so providing them with the most energy efficient 
homes can reduce their overall living expenses--especially important on Nantucket, where fuel 
and electricity are very costly. Housing Nantucket encourages energy conservation by recycling 
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buildings and using energy efficient technologies such as CFL lighting and solar thermal water 
heating. In order to get the most efficient energy use from each home, Housing Nantucket also 
arranges to have its homes audited by energy specialists to highlight improvements that can be 
made. However, more could be done to reduce energy consumption and the costs of utilities for 
the organization and its patrons.  
Seeking certification from one of the efficiency rating boards is one of the ways Housing 
Nantucket can ensure it is recognized for its efforts to save energy in the resource center as well 
as its existing rental properties. By becoming certified, Housing Nantucket will be able to prove 
its commitment to protecting the environment and reduce its costs of operation. Saving energy 
will also help tenants to save money on their utility bills. 
1.7 National Grid Energy Audit 
 National Grid, the sole provider of electricity on Nantucket, has already conducted an 
energy audit of Housing Nantucket’s existing properties, adding energy efficient light bulbs and 
conducting examinations of the insulation and plumbing of each home. This means that the 
properties have already been analyzed and improved by National Grid. Our research group will 
have an existing database of information to reference when conducting our own surveys. 
 While being energy efficient benefits the island’s ecosystem, it also holds potential for 
Housing Nantucket’s budget. While some energy saving products, materials and building 
techniques may cost more initially, they will often end up generating returns for their owners by 
greatly reducing their energy bills. Products that generate their own energy might also create an 
energy surplus, allowing Housing Nantucket to sell the excess electricity to a local power 
company for even further returns on their investment. Being energy efficient also holds great 
potential for obtaining additional funding, since energy efficiency certification is sure to attract 
donations and grants alike. 
1.8 Housing Nantucket Resource Center Proposal 
 Housing Nantucket has been working out of a “closet sized office at the Housing 
Authority and then in a small rented office for the past six years. The organization now 
recognizes it is the time to take the next step and begin to develop their own office space – a 
resource center that will serve the entire community” (Request for Design Service Qualifications, 
2008). This new Housing Resource Center (HRC) is meant to be the central location for all 
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Housing Nantucket activities, as well as providing them with a location for both offices and 
residential living areas. The project looks to set the standards for energy efficiency on the Island 
of Nantucket and will be used as a model for future environmentally friendly construction. The 
site looks to take every aspect into account in order to create a site that will meet the goals of the 
community as well as Housing Nantucket. With the help of funding from the Town of 
Nantucket's Community Preservation Committee and the US Department of Housing and Urban 
Development, they hope to open the HRC at 75 Old South Road within two years. 
 In its new Resource Center, Housing Nantucket wants to achieve the highest level of 
energy efficiency and “Green” principles possible, while staying true to its goal of providing 
affordable housing to residents of the Island. They strive to achieve the highest energy efficiency 
possible in order to become Energy Star™ certified, while taking into account the views of the 
community and the HDC. Housing Nantucket hopes that the success of this project will raise 
awareness of Nantucket’s housing needs as well as showing the public the “green technologies” 
they advocate in their housing classes. The new office spaces are to be constructed on two 
parcels of land totaling 40,536 square feet that were dedicated by the island for the purposes of 
affordable housing and housing support, both of which have been rezoned to RC-2 i.e. residential 
commercial 2. Through generous donations, Housing Nantucket has acquired a new building, 
formerly the “Clifford House” (Figure : Clifford House Front View). 
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Figure : Clifford House Front View (NHA Properties Inc.) 
This two story colonial style residence, built in 2004, will be re-designed into a suitable 
office for Housing Nantucket and its employees. The “Clifford House” is currently located on 
Clifford Street and will need to be moved two miles to the new site on Old South Road. The 
house was given to Housing Nantucket at no cost to the organization, but the estimated cost of 
the move is about $40,000. By moving this structure instead of building new, they will save 
significant money as well as limiting the transportation energy expended to deliver new 
construction materials to Nantucket. The current layout of the house does not meet the needs of 
Housing Nantucket, so will be reconfigured into a suitable work environment (Figure : Clifford 
House First Level Floor Plan and Figure : Clifford House Second Level Floor Plan). The building will 
need to incorporate multiple offices and a conference area. At least one of these offices will have 
an internal confidential meeting space for meeting with clients. The offices should be made as 
open, airy and as bright as possible to provide employees with a healthy working environment. 
Along with the office, they are looking to incorporate a filing room with locking and fireproof 
storage options.  
More research needs to be done in the way of specific products and technologies that will 
allow the new office to be as “green” as possible. 
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Figure : Clifford House First Level Floor Plan (NHA Properties Inc.) 
 
 
Figure : Clifford House Second Level Floor Plan (NHA Properties Inc.) 
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1.9 Certification Programs and Grants 
1.9.1 LEED Certification 
 The Leadership in Engineering and Environmental Design, or LEED, is a coalition of 
different ratings systems that evaluate the environmental friendliness of buildings and award 
them one of four ratings, from bronze to platinum. LEED differs from other ratings boards in that 
it is specifically designed to rate buildings both existing and in conception as well as its ratings 
process, which emphasizes transparency of methods and a quick turnaround, allowing building 
managers and homeowners to know their rating faster than other with other rating systems (U.S. 
Green Building Council, 2011). 
 When LEED rates a building or building plan, it considers seven factors, and awards 
points for each (Figure : LEED rating criteria for new construction (U.S. Green Building Council, 2011)). 
The factors include Sustainable Sites, Water Efficiency, Energy & Atmosphere, Materials & 
Resources, Indoor Environmental Quality, Locations & Linkages, Awareness & Education, 
Innovation in Design, and Regional Priority. Regional priority is especially important as it can 
reward up to four “bonus” points based on whether the site can accomplish additional goals 
unique to its area (U.S. Green Building Council, 2011). In Nantucket, bonus points emphasize 
reducing waste and energy usage, as well as minimizing environmental impact, all of which are 
very important given Nantucket’s remote location and its dependence on the mainland’s energy 
supply. Another consideration unique to the LEED certification system is recycled buildings. 
Housing Nantucket’s Resource Center will be a recycled halfway house, which will be a great 
help in attaining a high LEED rating. In order to reach the highest practical certification, 
Housing Nantucket will also have to focus on earning regional priority points, which can make a 
sizable difference in a building’s LEED score. 
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Figure : LEED rating criteria for new construction (U.S. Green Building Council, 2011) 
1.9.2 Energy Star™  
 Energy Star™ is another program dedicated to recognizing energy efficiency.2 While 
Energy Star™ primarily focuses on the promotion of products and appliances they deem 
efficient, it is possible for a building to become Energy Star™ certified as well. The 
certifications for Energy Star™ are simpler and less stringent than for LEED certification. 
Essentially, the building must use 15% less energy than a compliant building built in 2004 
(Environmental Protection Agency; Department of Energy). Furthermore, Energy Star™ 
incorporates EPA’s Indoor AirPlus, a program designed to greatly improve indoor air quality of 
a building. If the resource center is to achieve high marks in LEED’s Indoor environmental 
quality standards, use of the Indoor AirPlus program will be critical. 
1.9.3 The HERS Index 
 The Residential Energy Services Network (RESNET) Home Energy Rating System 
(HERS) index is another industry standard in energy use certification programs. The HERS 
index has benefits over LEED and Energy Star™ in that it is much simpler to understand and to 
rate a home or building. A HERS index score may be as high as 150 or as low as 0. A score of 
100 means that the building uses exactly the expected energy for an “American Standard 
Building”, while a score of 0 means the building spends no money on energy (making it a net-
                                                          
2
 Energy Star™ was created by the EPA and Department of Energy in 1992. It is now an international rating 
standard. 
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zero energy building) (Residential Energy Services Network, 2012). In contrast, a score of 150 
means the building consumes 50% more energy than the standard building. In order to attain an 
official HERS index score for a building, a HERS-certified energy rater must perform an 
assessment of the building, including insulation efficiency, ratios of walls to windows, and 
testing for duct leakage. Because the HERS index is simple and easy to understand, it is a great 
match for Housing Nantucket. This is especially true as the index rates homes based on their 
energy efficiency as well as comfort, striving for a practical balance between the two and 
emphasizing energy saving technologies that impact tenants as little as possible. This makes it a 
perfect match for Housing Nantucket’s energy evaluation. 
1.10 State of the Art in Energy Saving Technologies 
 An important component in the creation of affordable housing is the conservation and 
efficiency of energy in the home. There are many technologies available today that allow 
homeowners to save money by reducing energy and heating costs, which in return reduce their 
total living costs. It is important to understand that many of these technologies have a higher cost 
when initially installed compared to the standard means, but all have the potential to provide a 
higher return investment. In order to provide people with long term affordable housing, it is 
important to consider these technologies and weigh how effective they will be at reducing net 
costs over the life span of the house. 
 The ultimate goal for any “green” sustainable building is the idea of net zero energy. “In 
a zero energy home annual energy consumption is equal to the annual energy production using 
one or more available renewable energy resources” (Iqbal, 2004). Zero net energy homes are 
self-sustaining and do not need to rely on non-renewable energies such as fossil fuels. Through 
the combination of commercially available renewable energies, such as photovoltaic solar 
panels, and the most efficient energy conserving techniques, a zero net energy home can make 
the most of the energy it produces. When a zero energy home is connected to a power grid, it 
supplies the grid with as much power as it consumes, meaning that it is at net zero energy. In 
some cases the home can even provide the grid with the excess energy that is not used, allowing 
the owner to sell energy back to the power company and in return save more money for the home 
owner (Iqbal, 2004). 
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 In order to reach this net zero status, the home may use any combination of energy 
creating and saving techniques. Most net zero houses create their energy through the use of a 
wind turbine, micro hydro systems or photovoltaic cells. Due to Nantucket’s housing codes and 
regulations, wind turbines would not be allowed. Photovoltaic solar seems to be the best option 
available due to the islands high amount of sun exposure and limited quantity of fast flowing 
water sources.  
The most notable example of a net zero solar building that would translate well to the 
needs of Housing Nantucket’s buildings in the Housing Resource Center is The Vandemusser 
Residence in Ashville, North Carolina. The combined office and living space of the 
Vandemusser residence received a 2011 LEED Platinum home rating. The engineers who also 
own the house created a report of the project that outlines many key things to think about when 
looking at creating an affordable sustainable home.  
Money is almost always the limiting factor when constructing a new home, but it 
shouldn't preclude someone from improving the energy efficiency of their home 
down the road when additional funding becomes available. Ultimately, the State, 
Federal, and utility incentives that were available at the time allowed us to move 
forward with the installation of both the solar thermal and photovoltaic panels 
during construction of this home (Vandemusser, 2012). 
It is important to keep in mind that photovoltaic systems are the most expensive part of 
any net zero house; there are many other technologies that provide a large benefit which are 
cheaper and easy to install. “Even without the active solar component that was added on at the 
end of the project, we were able to get the HERS Index down to 44, which equates to 56% more 
efficient than code. That's from building a tight, well-insulated envelope and orienting and 
designing the house to effectively use the sun's energy” (Vandemusser, 2012). The Vandemusser 
residence was able to create a building that was twice as efficient as code using conventional 
building practices that require no maintenance, and do not involve the use of any mechanical and 
electrical devices. These passive solar techniques are most easily implemented in new houses, 
but can also be retro-fitted into existing properties. The idea behind passive solar is to trap the 
heat from the sun inside the home during the winter months, and to keep the heat from the sun 
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out during summer months (Figure : Diagram of a Passive Solar Heating System (Environmental 
Protection Agency; Department of Energy)). 
 
Figure : Diagram of a Passive Solar Heating System (Environmental Protection Agency; Department of Energy) 
 “In terms of long-term value, it’s hard to express how important it is to have access to natural 
light. The additional benefit to a passive solar home, beyond reduction of energy usage, is the 
quality of light gained. We rarely use lights in our house by day, even on cloudy days (Vande & 
Musser, 2011). With the passive solar systems working to limit many of the needs for energy use 
in the home, the active systems need to create less energy to provide the homeowner with a 
normal user experience. “Once the active solar was incorporated at the end of construction, we 
were able to get the HERS Index down to 16, and efficient use of utilities got us the rest of the 
way to net-zero (Vandemusser, 2012). This means that in theory a homeowner could potentially 
make their home 72% more efficient than the national requirement for homes by simply 
implementing a combination of passive solar techniques, thermal materials, proper insulation, 
low flow piping, LED lighting and responsible monitoring of energy use. “Through careful 
design and system integration, along with carefully navigating the various local, state, and 
Federal incentives available for energy efficiency, we were able to build the home for the same 
cost or less than what other people have built similar-sized homes in the area (Vandemusser, 
2012) [sic].  
Although we may not be able to achieve complete net zero status in the “Clifford House”, 
it is important to know what strategies are used by buildings of the highest green certifications. 
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Many of the technologies incorporated into these new homes can be retrofitted into existing 
properties. The historically designed homes already incorporate the ideas of passive solar, as 
well as unique room layouts in order to keep the homes warmer. When residents were dependent 
on fireplaces for heating, they needed ways to increase the amount of heat being trapped inside. 
“Another technique was the use of low ceilings with smaller rooms separated by interior walls 
and doors” (Way, 2009). They also incorporated passive solar planning in many early designs. 
“Traditionally southern walls have more windows and openings are typically larger, in order to 
take better advantage of the solar-heat gain available during the cooler months. Conversely, a 
building’s northern walls typically had the least amount of glass (and sometimes wall area) due 
to the harsh winter winds (Way, 2009).  
For many of Housing Nantucket’s properties, net zero is not a feasible option. A majority 
of their rental units come from donations of properties that are in need of relocation. These 
properties range in age, but are all built in historic styles. Older homes often have poor energy 
efficiency due to factors such as old technologies and poor sealing. The easiest way to make 
these old homes more efficient is to address the issues of air infiltration and focusing on creating 
a well-sealed space resistant to outside temperatures. Major areas of focus are windows, doors 
and insulation. The Nantucket Historic District Commission is a firm believer in embodied 
energy, and urge homeowners to preserve as much of the existing materials as possible. There 
are many non-evasive techniques that can be used to update these homes without needing to 
replace existing windows and doors. By adding storm windows and doors over existing fixtures, 
the homeowner can increase the homes efficiency. “Storm windows are the least invasive and 
most appropriate way to increase the energy efficiency of historic windows. All storm windows 
enclose a thermal air space that approximately cuts heat loss in half” (Way, 2009). Storm 
windows also have other benefits, such as protecting the windows from Nantucket’s harsh 
environment. “A single glazed, traditional window combined with a ‘low-emissivity’ coated 
storm window can have a similar “U-value”3 as a new double-paned” (Way, 2009). Along with 
the storm windows, it is important to make sure that all windows and doors have proper 
weatherization in order to maximize effectiveness. Weatherization can be any form of rubber, 
metal, and sealants that ensure the window or door is keeping out water and cold air. Creating a 
                                                          
3
 U-Value: “a measure of thermal transmission through window materials and the boundary air films”(way,2009) 
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tightly sealed home with good thermal properties is very effective in reducing the heating and 
cooling costs of the home.  
Aside from addressing the weather proofing issues, these older homes can also reduce 
their energy consumption by reducing the consumption of electricity. This can be done by 
replacing standard light bulbs with CFLs or (preferably) LEDs. Both such bulbs, although more 
expensive, last much longer and are more efficient then their standard incandescent counterparts. 
Simple things such as updating to newer more efficient appliances, using outlets with off 
switches, and unplugging items in the home that are not being used can all add up, reducing 
energy waste. In most cases the occupants’ habits are among the most important factors 
governing overall energy consumption. If homeowners have the extra funds, and are willing to 
pursue the best efficiency in their home, they can also incorporate any of the active solar options, 
as they are applicable to almost any existing property. This method may require extensive re-
wiring in order to take full advantage of the power gained. 
There are many ways to increase the energy efficiency of an existing building; some 
involve serious work and could take months to install, while others are as simple as replacing a 
light bulb. All these options mean that any property can increase its energy efficiency regardless 
of age, location, or use. The key to making a building as efficient as possible is to understand the 
pros and cons of each product and create a plan for each building according to its individual 
needs. 
1.11 Conclusion 
 Housing Nantucket is an organization created to provide island residents with affordable 
housing options. It manages 27 affordable rental properties and endeavors to maximize their 
energy efficiency insofar as possible. Although an energy audit was already performed, Housing 
Nantucket lacks certain information that would be beneficial to improving their energy 
efficiency. Current information on these properties is kept in a database, which needs to be 
refined and expanded upon to better aid Housing Nantucket in its energy assessment. As the 
demand for affordable housing rises, Housing Nantucket is looking to expand to a larger office to 
meet their needs. A building donated to Housing Nantucket for this purpose will be moved and 
renovated in order to adequately fulfill office requirements. Housing Nantucket hopes to achieve 
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the highest level of energy efficiency possible for this building. The next chapter describes how 
we will address these issues. 
  
20 
 
2.0 Methodology 
 In order to assist Housing Nantucket in creating and exploring strategies to increase 
energy efficiency in its rental properties and the new Housing Nantucket offices, we outlined a 
set of four objectives. The project team: 
 Updated the existing inventory of Housing Nantucket’s rental units, with an emphasis on 
energy use and conservation. 
 Evaluated tenant knowledge, understanding, and behavior in regards to energy use and 
conservation following the recent energy audits. 
  Developed outreach materials for Housing Nantucket tenants regarding energy and 
energy conservation. 
  Evaluated possible site plans and building options for the Resource Center. 
2.1 Objective 1: Update housing inventory 
 For the project team to recommend ways to improve the energy efficiency of Housing 
Nantucket’s properties, we needed to identify the current condition and energy-related 
characteristics of these rental units. Housing Nantucket has an existing database of its rental units 
outlining basic information about the location and tenants. In order to aid Housing Nantucket in 
analyzing ways to make these units more energy efficient, we added information to the database 
that will provide insights about possible energy conserving options. 
We evaluated the existing database (an Excel spreadsheet) to assess its structure and 
content. We determined that it lacked the capability for expansion and desired inclusion of 
diversified tiers of information. Following discussion with Housing Nantucket staff, we 
developed a new Microsoft Access database better suited to Housing Nantucket’s current and 
future needs. Microsoft Access supports searchable queries as well as more advanced options for 
displaying and organizing the data sets for Housing Nantucket's record keeping. All of the 
information from the older Excel database was deemed viable and was transferred into the new 
Access database. Expanding upon this information, we included results from the National Grid 
energy audits as well as data from Housing Nantucket's QuickBooks files. Additionally, we 
discussed the types of information Housing Nantucket wanted from their tenants and 
reformulated our survey to ask questions that would elicit this information (). The results of our 
survey were then incorporated into the Access database. The Access program worked to 
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incorporate all of the necessary information, and we encountered little trouble during the creation 
process. 
2.2 Objective 2: Evaluate tenant knowledge of energy issues 
 In order to help Housing Nantucket’s tenants save energy, one must first understand how 
they use energy and how knowledgeable they are about ways to save energy. Once their needs 
and energy-related behaviors are understood, we can envision ways to improve their energy 
efficiency through behavior changes and the use of energy-efficient technologies. 
We developed a preliminary survey instrument designed to elicit information from 
Housing Nantucket’s tenants. This initial survey instrument was then refined by iterative 
discussion with Housing Nantucket staff, Peter Morrison, and our advisor, Professor Golding, 
until a final version was agreed upon (Appendix A: Survey Materials). Many of our original 
questions were modified, as we were addressing subjects in which many tenants would not know 
the answer such as type of heating and insulation. Housing Nantucket has 27 rental units; we 
initially planned to mail the survey to each address, however all mail on Nantucket goes off 
island even if its destination is still on Nantucket. Mailing out the survey, waiting for mail to 
return, and then sending follow-up surveys to encourage better response rates would therefore 
have taken a considerable amount of time. This lead us to forgo mailing, instead we chose to 
hand-deliver our survey and cover letter in weather-proof packaging and attached it to the door 
of each property. The cover letter (Appendix A: Survey Materials) explained who we are and the 
purpose of our project as well as detailing the ways in which the survey could be returned, 
namely by leaving it on their door on a specified day so we could collect it, or by dropping the 
completed survey off at Housing Nantucket’s office (many tenants drop off rent checks and visit 
the office for a variety of reasons so this was not considered burdensome). To increase the 
response rate, we made follow up calls to all the tenants who we were unable to collect surveys 
from on the first collection day. We read these tenants the preamble (Appendix B: Survey Follow-
up Calls) allowing them more time to complete the survey and dealt with problems of misplaced 
or lost surveys by delivering new surveys. This process was repeated until we reached a 
satisfactory number of survey responses and were no longer receiving any response from tenants. 
After surveying the willing tenants, we compiled the information and added it to the 
Access database. The first section of the survey addressed specifics about the properties in 
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regards to energy usage, such as the type of water heaters, windows, and insulation. The data 
collected in the second section of the survey, which covers personal habits in regards to energy 
use, were formatted into a digital spreadsheet for analysis and group comparison. We used 
simple descriptive statistics in conjunction with graphs, such as histograms, to identify trends in 
the data. Interpreting these trends, gave us a better understanding of tenant habits and which 
areas we should focus on addressing in our outreach materials as well as identifying key areas in 
which Housing Nantucket could improve efficiency in the units themselves. The third section of 
the survey includes questions addressing opinions and knowledge acquired by the tenants from 
the recent energy audits. This section was analyzed in a similar fashion. The final question of the 
survey asks the tenants to indicate if they would like to meet with us in person to help us create 
outreach materials, including testimonials regarding their experiences with Housing Nantucket. 
We had a high positive response rate for this question so we got to select which tenants to 
interview based on feedback from the staff at Housing Nantucket. Once these data were collected 
and reviewed, we used them to create the outreach materials detailed in Objective three. 
2.3 Objective 3: Creation of outreach materials 
 To help educate Housing Nantucket tenants about energy efficient behaviors and 
technologies, we created a pamphlet to give to current and future Housing Nantucket renters. 
This pamphlet recommends ways that could best aid Housing Nantucket tenants in saving 
energy. Our recommendations build on what other conservation programs and outreach materials 
teach with the data collected from surveys and interviews with the tenants. The Access program 
worked to incorporate all of the necessary information, and we ran into very little trouble during 
the creation process. The Access program worked to incorporate all of the necessary information, 
and we encountered little trouble during the creation process. It was developed in conjunction 
with Housing Nantucket staff, with advice from other organizations such as the Nantucket 
Energy Office, Housing Nantucket board members and staff at the Historic District Commission. 
Using the survey, we were able to ensure that our recommendations will be appropriate for 
Housing Nantucket tenants, increasing the chances our recommendations would be put to use. 
We found the pamphlet was limiting in the amount of information that could be included, so we 
overcame this shortfall with a supplementary article on Housing Nantucket’s website. The 
website address was included in the pamphlet so that tenants looking for more information on 
energy efficiency could look at this page and find links and further reading. 
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 We used testimonials collected from tenant interviews to create an article for Housing 
Nantucket (Appendix C). This article includes tenant stories of how Housing Nantucket has 
helped them as low income renters afford a home on Nantucket. There is also a section on energy 
conservation successes and what specific renters did to reduce their utility bills. Quotations and 
longer testimonials from tenants are incorporated into the article, but only with the express 
consent and permission of the tenants in question (Appendix C). We also include photographs of 
relevant materials in the article and for Housing Nantucket’s future published works.  
 As part of our effort to reach out to the Housing Nantucket community, we used tenant 
electricity bill information to track electricity use before and after the energy audits were 
conducted. These findings and our pamphlet on energy savings were presented to the Board of 
Selectmen detailing how Nantucket rentals can become more energy efficient. We made a 
recommendation that our pamphlet or a similar document could be distributed to the summer 
renters in a similar way that the recycling guideline is distributed. We also made a case that the 
Nantucket energy office is a worthwhile use of island resources. The Board of Selectmen should 
continue to promote residents to take part in energy saving measures such as the National Grid 
energy audits to prevent or at least delay the construction on a third undersea cable further 
driving up island electricity costs. 
2.4 Objective 4: Evaluate Resource Center options 
In order to assist Housing Nantucket with their site plans and building options for the 
Resource Center, we gathered information about what we planned to include in the site. In order 
to do this, we attended the monthly Housing Nantucket Board meetings and talked to Housing 
Nantucket staff to determine the needs of the new center. During these meetings, we used the 
following discussion outline questions to determine Housing Nantucket’s goals for the new site: 
 Do you still wish to include Housing options at the new site? If so, what are your ideas 
for these units? 
 What do you hope to achieve in terms of energy efficiency for the property?  
 What certifications do you hope to get for the site? LEED, Energy Star™ or HERS? 
 Are you familiar with the term Net Zero Energy? If so, do you think it is something you 
would like to pursue? 
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 Are there any specific technologies you would like to see implemented in the new 
Clifford House? For instance: photovoltaic, solar thermal water heating, rainwater 
collection, etc. 
 What specific requirements do you want in the office spaces? For instance: conference 
rooms, file storage, etc. 
According to the information obtained during these meetings, we reviewed the current site 
plans (Figure : Current Site Plan for New Housing Nantucket Office) and compared them to past 
proposals for the site. We toured the site to assist in determining the best way to convert it into 
an office space for Housing Nantucket and a Resource Center for the Nantucket community. 
Using the information gained during our initial meetings, we continued our research of possible 
technologies and discussed their application to the Clifford House in our weekly sponsor 
meetings. Once a technology was highlighted as being feasible and within the new site’s budget, 
we worked to incorporate it into our final proposal plan. During the first few weeks working with 
Housing Nantucket, a large Siasconset Home was donated to the organization. After assessing 
ways to move this property onto the new lot, we determined that it would fit appropriately into 
the lots un-used space. 
 
Figure : Current Site Plan for New Housing Nantucket Office 
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Once we had ascertained the needs and requirements of the Resource Center as well as 
thoroughly investigated the Clifford House (Figure : The Clifford House) and Old South Site 
(Figure : Current Site Plan for New Housing Nantucket Office), we used our knowledge 
gained in the literature review and other research to suggest the best plan of action in order to 
achieve maximum energy efficiency as well as grant opportunities for the Resource Center. This 
plan included a revised floor plan of the Clifford House, as well as an outline of specific energy 
saving strategies to be implemented in the renovations of the building. We provided Housing 
Nantucket with a plan and information on achieving Energy Star™ certification. Along with the 
proposal we created a cost-benefit analysis for different types of energy saving technologies 
included in our design. These were only estimates, as it was difficult to ascertain actual figures 
due to the fact that most costs are site and contractor specific. There are an overwhelming 
number of factors which contribute to cost variances, which cannot be assessed without a direct 
quote from an energy certified contractor. We then proposed this plan to Housing Nantucket’s 
board and staff in order to the gain feedback for possible changes to the site. 
 
Figure : The Clifford House 
2.5 Conclusion 
To assist Housing Nantucket in creating and exploring strategies to increase energy 
efficiency in its rental properties and the new Housing Nantucket offices, we interviewed and 
surveyed tenants and other pertinent organizations. This allows Housing Nantucket to determine 
the effectiveness of the recent energy audits at encouraging the adoption of energy conservation 
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measures. This survey provides important data about each specific property to be included in the 
existing database. We use the results of this survey as well as input from Housing Nantucket and 
other island organizations to develop outreach materials. These materials include documents to 
be given to current and future tenants outlining energy saving strategies, as well as promotional 
materials for Housing Nantucket to raise awareness of what they are doing. Through interviews 
with Housing Nantucket staff, the Housing Nantucket Board, the Nantucket Planning Board, and 
the Housing District Commission we will assist in the planning of the new Resource Center.  
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3.0 Findings & Conclusions 
 Our group successfully updated Housing Nantucket’s database while analyzing tenants’ 
energy use habits and making informed recommendations for the Clifford House. For Housing 
Nantucket’s database, we were able to upgrade and improve the format and migrate all data to 
Microsoft Access 2010, which is better suited to the information storage and retrieval needs of 
Housing Nantucket. The Access database will be easier to edit from any computer in the Housing 
Nantucket office without sacrificing ubiquity across client computers. While our efforts fell short 
of attaining an ideal percentage of survey responses, we managed to gather enough data to 
discern patterns within tenant behavior and knowledge of energy saving technologies. This 
helped us to design an educational pamphlet for the tenants as well as write an in-depth 
informative article for Housing Nantucket to add to their website. After surveying the Clifford 
House and consulting with Housing Nantucket staff, we were able to find many ways to help 
them save energy and meet their goals for Energy Star™ certification. We were able to confirm 
multiple energy saving (and energy producing) technologies will be viable to help Housing 
Nantucket save money and energy at the same time. We hope Housing Nantucket will find our 
results helpful and that they will meet their Energy Star™ certification goals. 
3.1 Finalized Database 
The existing Housing Nantucket database was a 
spreadsheet in Microsoft Excel. It utilized the grid structure of 
the program with information groups in the top column and data 
in the rows below. It contained information on the tenants such as 
contact information and income. The database also contained 
information on the properties such as needed maintenance and 
age of the property; however this information was often vague 
and inconsistent across rows. Additionally, the entire database 
was one sheet within Excel, making searching for specific 
information or groups of information difficult. In assessing the 
structure and content of this database we determined that it 
lacked the capability for expansion and the desired inclusion of 
diversified tiers of information. After discussion with the staff 
 
Figure : Contents of the Access 
Database 
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of Housing Nantucket we decided to create a new database using Microsoft Access, a program 
specifically designed to handle databases. The new database (Figure : Contents of the Access 
Database) includes all of the information from the older Excel database under a new table entitled 
needed maintenance as well as new tables consisting of information helpful to Housing 
Nantucket’s daily work. Entering new information into the Access database is simplified by the 
inclusion of drop down menus that display standardized responses simply by typing the first 
letters of a word, which greatly speeds up the data entry process and allows for information in 
the database to be changed at any time. 
The Access database comprises 5 different tables of categorized information. The tenant 
information table compiles information about tenant contacts, income verifications, and their 
enrollment in fuel assistance allowing Housing Nantucket quick access to tenant contact 
information. The basic property information table combines information such as year of 
construction and size of property with information from the National Grid energy audits, which 
outline specifics about technologies in the home and energy consumption figures. The original 
excel spread sheet was reformatted under the required maintenance table which allows Housing 
Nantucket to write notes about what needs to be fixed in each property. Once the maintenance is 
completed on a property they can delete it from the required maintenance table and enter it into 
the completed maintenance records. We were able to compile the existing maintenance records 
of jobs performed at Housing Nantucket properties via QuickBooks and included them in the 
database with the ability to add new information as needed. Access supports searchable queries 
as well as more advanced options for displaying and organizing the data sets which will be 
helpful to Housing Nantucket’s' record keeping (Figure : Form for Searching Database by selection 
criteria). Now Housing Nantucket can search their entire maintenance record: by the contractor 
hired to do the work, by the property the work was performed on, by the cost, and by the date 
performed. There is a separate form that allows for displaying all work performed between two 
date ranges. These features will allow Housing Nantucket to access all of their records through 
one database that is easy to navigate and expand upon. 
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Figure : Form for Searching Database by selection criteria 
3.2 Survey Findings 
Housing Nantucket’s 27 tenants were our survey population. We designed a preliminary 
survey, which was then refined and improved many times over through iterative discussion with 
Housing Nantucket Staff, Professor Golding, and Peter Morrison. The final copy covers three 
sections: the house, the tenants, and the energy audit. Originally we planned to conduct the 
survey by mail but instead settled on door-to-door survey delivery and pick up as the most 
expeditious strategy to reduce response time. To increase response rate, we made follow up calls 
to tenants who hadn’t filled out the survey and provided multiple ways for the survey to be 
returned. These tactics yielded 18 completed surveys, for a respectable 67% response rate.  
 
3.2.1 Opportunities for Improvement 
Two survey questions were designed to gauge tenant satisfaction. Figure : I am generally 
satisfied with my current house/apartment (n= 18)shows that 12 tenants agreed or strongly agreed 
that they were satisfied with their current house/apartment. Figure : Housing Nantucket meets my 
needs as a tenant (n= 18)shows that 10 tenants agreed or strongly agreed that Housing Nantucket 
meets their needs as a tenant. From these response levels, we conclude that Housing Nantucket 
has been doing a respectable job by their tenant’s standards.
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Figure : I am generally satisfied with my current 
house/apartment (n= 18) 
 
Figure : Housing Nantucket meets my needs as a tenant 
(n= 18) 
However, there are potential improvements that Housing Nantucket can consider 
pursuing. Nearly 4 in 5 tenants (Figure : Do you regularly notice drafts in your house (n= 18)) tenants 
reported drafts in their homes. These drafts came from many different locations, but the most 
common was drafts around or near windows and doors (Figure : Compilation of locations which 
drafts were noticed (n= 18)). When asked if they had weather stripping, many tenants were unsure. 
Of those that knew, the majority did not have weather stripping around many or any of the 
windows while a few needed weather stripping around the doors.
 
Figure : Do you regularly notice drafts in your house 
(n= 18) 
 
Figure : Compilation of locations which drafts were 
noticed (n= 18)
Products that save energy without necessitating any behavioral change on the part of the 
user are highly desirable. For example, programmable power strips to help eliminate the ghost 
load of electronic devices; low-flow faucets reduce hot water use during a fixed time period (e.g., 
a 10-minute shower). Nearly 9 in 10 respondents do not use programmable power strips (Figure : 
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Do you use 'smart' or programmable power strips (n= 18)) and 3 in 5 do not use low-flow faucets 
(Figure : Do you use 'low-flow' water facets designed to save water (n= 18)). Installing these passive 
technologies offer Housing Nantucket obvious ways to advance the goal of improving energy 
efficiency to lower tenants’ monthly utility bills.
 
Figure : Do you use 'smart' or programmable power 
strips (n= 18) 
 
Figure : Do you use 'low-flow' water facets designed to 
save water (n= 18)
A further opportunity to improve energy efficiency is to provide tenants with Energy 
Star™ certified appliances. Typically, Housing Nantucket installs energy efficient refrigerators 
when old ones fail, as they are often are older, inefficient models that fall short of the Energy 
Star™ rating. Ten tenants indicated (Figure : Number of respondents reporting the use of Energy 
Star™ Appliances (n= 18)) that they had no Energy Star™ rated appliances in their home, but this 
may reflect a lack of knowledge about the nature of the appliances rather than the reality, since it 
is not always easy to identify listed appliances. 
 
Figure : Number of respondents reporting the use of Energy Star™ Appliances (n= 18) 
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3.2.2 How Tenants Can Improve Energy Efficiency 
In some ways, the tenants were much more energy conscious than we first anticipated. 
For example, the vast majority (Figure : When I leave a room or the house, I turn off the lights (n= 
18)) said they always turn off the lights when they leave a room for long periods. Of course, 
reported behavior may differ from actual behavior, and previous studies have found respondents 
tend to over-report ‘desired’ behaviors. 
 
Figure : When I leave a room or the house, I turn off the lights (n= 18) 
Tenants were less attentive to other electric devices in the home, such as computers, 
televisions/cable boxes and device chargers. As shown in Figure : Do you shut down your computer 
and turn the monitor (n= 18), 8 tenants “always” or “often” turn off their computers, whereas 10 
did “sometimes” or “never”. Figure :  I leave chargers plugged in when not in use (n= 18) shows a 
similarly bimodal distribution with 7 tenants who always leave chargers plugged in and 7 who 
say they never do. Evidently, there are educational opportunities here to promote energy saving 
behaviors. 
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Figure : Do you shut down your computer and turn the 
monitor (n= 18) 
 
Figure :  I leave chargers plugged in when not in use 
(n= 18) 
Figure : How many televisions do you have in your home (n= 18) shows that the vast majority 
(83%) of tenants have two or more televisions. The average number of televisions owned by the 
tenants is 2.4 per household, slightly under the national average of 2.5 (Nielsen Company, 2011). 
Additionally most tenants (56%) never turn their cable boxes off (Figure : Do you also turn off 
your cable box as well when not watching television (n= 18)) when not watching television. 
It is impractical to urge people to reduce the number of their devices that consume 
electricity, but televisions and cable boxes together use significant amounts of electricity in the 
typical household.
 
Figure : Do you also turn off your cable box as well 
when not watching television (n= 18) 
 
Figure : How many televisions do you have in your 
home (n= 18)
 We queried tenants about how warm they keep their home: during the day when they are 
not there (Figure : Temperature preference when not home (n= 18)), when they are there (Figure : 
Temperature preference while home (n= 18)), and at night (Figure : Temperature preferences at night 
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(n= 18)). All three graphs cluster the majority of the response around the 60-65°F with slightly 
lower results noticeable for ‘not home’ and ‘at night’ compared with ‘home during the day’. The 
results are lower than we expected, considering that several tenants are accustomed to warmer 
climates. Respondents possibly answered in ways that portray them positively as well as playing 
to the specific question being asked, and the actually temperature in these houses may be higher. 
Additionally, 11/18 (61%) of the tenants responded saying they would change clothes before 
adjusting the thermostat to get comfortable. Lowering the temperature a few degrees from the 
70’s to the 60’s provides substantial energy savings without drastically reducing the comfort of a 
home. For most people, however, lowering the temperature below 60 degrees is intolerable. If 
these results are accurate, then the tenants are quite energy conscientious and there is little room 
for improvement.
 
Figure : Temperature preference when not home (n= 
18) 
 
Figure : Temperature preference while home (n= 18)
 
Figure : Temperature preferences at night (n= 18) 
 
Figure : When it gets too cold in my home, I am more 
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Only one tenant in 10 opens windows in the winter if it is too hot inside, indicating that 
tenants realize that opening a window in winter wastes heat. The tenants likely lower the 
thermostat to regulate temperature rather than wasting heat by opening windows.  
 
Figure : During the winter, I sometime open a window if it is too hot inside (n= 18) 
Tenants are also good at conserving water; all tenants responded saying they prefer 
showers to baths and as long as a shower is kept short, it will use less water than a full bath. No 
tenants reported taking showers longer than 20 minutes. 14/18 (78%) of tenants reported taking 
brisk showers of 5 to 10 minutes (Figure : Length of tenant showers (n= 18)). The only improvement 
here would be to install low-flow shower heads. Some tenants reported having such facilities, but a 
nearly half, 8/18 (45%), of them were unsure as low-flow fixtures often lack identifying marks. 
 
Figure : Length of tenant showers (n= 18) 
A few individual tenants may need some advice on how best to conserve energy and save 
money, but overall the tenants are quite energy conscious and there appears to be little that can be 
done to reduce their energy consumption by changing behavior. Of course, reported behavior may 
differ considerably from actual behavior, and periodic reinforcement of energy saving strategies 
for old and new tenants may be desirable. 
0
5
10
15
20
No Yes
0
2
4
6
8
10
12
14
16
Less than 5
min
5 - 10 min 10 - 20 min more than
20 min
36 
 
3.2.3 Recommendations 
Since 78% of tenants reported some form of drafts in their house, we recommend that 
Housing Nantucket provide tenants with weather stripping. Weather stripping is cheap in bulk and 
is an effective way to reduce the draftiness and improve a home’s thermal efficiency. Housing 
Nantucket could stockpile a supply of weather stripping to furnish their tenants for free (or at a 
reduced market rate) to be installed in their home. 
This stockpiling initiative could also be used for other commonly needed household items 
such as light bulbs. While most of the tenants are using CFL light bulbs (as these were installed 
during the energy audits) not every house has had an audit performed yet, and tenants with only 
one or two incandescent bulbs many have replaced what used to be a CFL with an initially cheaper 
option. If Housing Nantucket provided light bulbs for their tenants they could prevent this, helping 
their tenants save money in the long run while keeping true to their promise of energy efficiency. 
Outreach to other energy organizations may help in the procurement of subsidized energy efficient 
lighting. 
The first round of National Grid Energy Audits took place in January 2012. We asked 
tenants if they noticed any changes in their monthly electric bill after the audit was performed, the 
results are below in Figure . As the graph shows, there are no negative consequences from the 
audits. Tenants either saw a decrease in their energy use and bill, or the improvement was slight 
and not as directly noticeable. In fact, 25% of respondents reported very significant savings after 
the audit was performed. Other island residents have yet to have this valuable and free audit 
performed; they are missing out on a great opportunity to improve their home and reduce their 
bills. To prevent or delay the construction of a third highly expensive undersea cable bringing 
power to Nantucket, we highly recommend that the board of directors strongly encourages all 
Nantucketers to contact the Energy Office and Lauren Sinatra so that they may set up a time to 
have this free and highly beneficial audit performed on their property. 
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Figure : Have you noticed any changes to your electricity bill since the audit? (n=18) 
 During our interviews with the tenants we asked if they would provide us with a copy of 
their latest energy bill. Energy bills record the last year of electric usage history. Below is one such 
bill from a tenant, Figure . We used this information to calculate the energy saved by performing 
the audit. 
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Figure : Energy use data of a tenant 
Housing Nantucket holds educational outreach programs several times a year to teach 
Nantucket residents about affordable housing on the island and how to save money in the home. 
These programs could include a technology expo that would acquaint residents with the newest 
and best technologies to assist in saving energy in the home as well and helping them learn to use 
them. Not only would this be beneficial to island residents, it would help Housing Nantucket stay 
up to date in the energy saving field and would clearly demonstrate their commitment to energy 
efficiency. This expo may be too large an event to be run by a single organization, so perhaps it 
could be a joint effort put forward by both Housing Nantucket and the Nantucket Energy Office. 
By increasing island awareness of the benefits of such technologies, Housing Nantucket can help 
provide affordable housing for more residents than just their tenants. 
3.3 Creation of Outreach Materials 
3.3.1 Education Materials 
Based on our survey findings, we created a pamphlet for current and future Housing 
Nantucket tenants (Appendix C: Pamphlet and Webpage Link). This pamphlet details simple and 
easy ways to save energy in the home, focusing on specific tenant habits which waste resources. 
The pamphlet is divided into three categories: electronics, water, and climate. Each section lists 
different ideas for saving energy and includes interesting, quick facts about energy usage and 
energy efficient appliances. The pamphlet is written in an easy to understand manner with bright 
graphics in order to capture and retain reader interest. It also includes a web address and QR 
code for the accompanying online information page we wrote for Housing Nantucket’s website 
(Appendix C: Pamphlet and Webpage Link). Ideally, tenants will find the pamphlet both interesting 
and informative and it will encourage those who read it to try some of the ideas included within. 
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We hope tenants will notice a decrease in their energy usage after trying our ideas and might even 
tell others about it so our research can benefit as many people as possible. 
This pamphlet may well be applicable beyond Housing Nantucket, as well. A more general 
version could hold great potential when distributed to real estate agents and leasers. These people 
could leave the pamphlet in a visible location for seasonal renters to review. Because renters make 
up a large part of the island’s population in the summer, any effort on their part could yield large 
energy savings for the island as a whole. This strategy is analogous to one familiar to anyone who 
has stayed in a hotel recently – the signs and notices about re-using towels in order to save water, 
detergent, and energy. While not all hotel guests can be expected to comply with the request, those 
who do will still make a sizeable difference. Similarly, while not all seasonal visitors can be 
expected to make a change, those who do will contribute to a greater effort that could hold real 
benefits for the island. 
Our web article (Appendix C: Pamphlet and Webpage Link goes further in depth than the 
pamphlet and includes more ways tenants can save energy in their homes as well as more facts and 
links to further reading. The article also includes figures and tables which would not fit on the 
pamphlet in order to further flesh out our findings. The article is also useful as it will not require 
printing and therefore may outlast the pamphlet supply. We hope the page will remain long after 
we leave the island to help future tenants save energy and inspire other island residents to try the 
techniques we write about as well. 
3.3.2 Stories of Tenants 
 At the end of our survey, we asked whether the tenant would agree to talk to us about how 
Housing Nantucket and energy efficiency have benefited their lives. While many of tenants 
answered “yes,” few actually responded to our subsequent inquiries. Though we only interviewed 
a few tenants, their stories were all interesting and affirmed to Housing Nantucket’s value in the 
community. Among them were parents who were thankful to have stable housing to raise their 
children in, workers with seasonal workflow who were able to stay on the island during the off 
season, lifelong island dwellers and other deserving, appreciative people. 
One tenant in particular was already very conscious of their energy usage; they had been 
using CFL lights for years and even hung clear plastic in front of their windows in an effort to 
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insulate them further. This tenant has been living on the island for four years and works as a 
painter. Because the majority of their work comes in the summer, they have to work very hard in 
order to provide for their family year round. Ordinarily, their family would only be able to live on 
the island in the summer. Housing Nantucket allows their children to have one stable home where 
they can play with other children they know from school. This is very important and valuable to 
them as a parent. As most of their extended family lives in New York, they also love the peace, 
tranquility, security, and unique culture the island offers. 
Another tenant claims that their home was severely lacking in proper insulation. After the 
energy audits, their home felt much warmer and they no longer felt as if they were wasting heat. 
They mentioned the cost of their heating bill decreased significantly after the insulation was 
installed. One tenant, who has worked with Housing Nantucket since 1995, told us their house was 
completely devoid of insulation prior to the audits; their home is much warmer now and their bill 
has significantly decreased after the insulation was applied. The auditors also changed their light 
bulbs and their thermostat, which contribute to their recent energy savings as well. 
3.4 Project Site Proposal 
 As discussed in Section 1.8 Housing Nantucket Resource Center Proposalof the Literature 
Review, Housing Nantucket is planning to create a new Housing Resource center. The new 
Housing Resource Center (HRC) is meant to be the central location for all Housing Nantucket 
activities, as well as providing them with a location for both offices and residential living areas. In 
order to ensure Housing Nantucket’s new Resource Center will be successful in its goal of Energy 
Star™ certification; our project team has created a Resource Center Proposal plan. This plan will 
cover the goals for the new site, how Housing Nantucket can meet these goals, and the potential 
financial commitment of achieving these goals. 
3.4.1 Ascertaining Housing Nantucket’s Needs 
In order to create a resource center proposal for Housing Nantucket, we conducted informal 
interviews of what staff wanted from the new Resource Center. Using the questions from 2.4 
Objective 4: Evaluate Resource Center options as the basis of our conversations, we were able to get a 
better understanding of the organizations needs and ideas for the new office. Through our 
preliminary discussions and follow up interviews we were able to create a list of things to be 
included in the new site: 
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 Housing Nantucket wants to include two residential units on the Old South Road lot, which 
will be used as part of their affordable rental program. One house will be a transplant of an 
existing Housing Nantucket rental property on Clifford Street, and the other will be the 
newly donated Siasconset House.  
 The Clifford House will be strictly for office space, but Housing Nantucket hopes to rent 
the extra space in the Clifford House to other nonprofit organizations on the island.  
 The interior space of the Clifford House will need to be redesigned in order to provide an 
appropriate office environment. 
 Housing Nantucket hopes to be as efficient as possible while keeping within their budget, 
which is highly influenced by grants and incentives.  
 After discussion with Housing Nantucket staff, we decided to pursue an Energy Star™ 
certification since it is the easiest to obtain and doesn't include yearly membership fees to 
maintain like LEED does.  
 Housing Nantucket was not familiar with net zero; we explained the concept and expenses 
to them. After this discussion they decided that producing most of their own energy would 
be too expensive an option to pursue at this time. They were willing to look into solar water 
heating and supplementary PV panels, which would reduce the energy impact rather than 
eliminate it. 
  A large storage tank has been donated to Housing Nantucket and they hope to re-purpose it 
as a rainwater collection tank, but they are unsure how to implement it at the site. 
3.4.2 Potential Revised site and Floor Plans 
The final Resource center plans (Figure : Project site layout) will incorporate the Clifford 
House Office, and the 2 residential properties. The Clifford and Sherman Houses will be relocated 
to the Old South Road site from their existing locations off Clifford Street. These two moves will 
happen first, followed by the Siasconset House as they are still finalizing the movement plans. Due 
to roadway setbacks and town zoning, much of the space on the lot will be used by these 
properties. 
42 
 
 
Figure : Project site layout 
After reviewing the floor plans and touring the Clifford House with Housing Nantucket 
staff, we decided that the building should be redesigned in the following ways: the first floor will 
consist of two or more offices, one large conference room, a receptionist’s area, a children’s play 
space and a break/lunch room. The four bedrooms on the second floor should become offices with 
one of the rooms possibly becoming a storage room for files and paper records. Certain office 
spaces within the building are planned to be rented offices to other nonprofits, as labeled below. 
This redesign of the Clifford House’s residential space will provide Housing Nantucket With 
adequate room to meet their personal needs, as well as allowing them to make back some 
renovation costs through rented un-used space. The proposed plans will allow Housing Nantucket 
to expand as much as they need to accommodate any new staff members they may gain in the 
future. The following floor plans (Figure : Revised first floor plans and Figure : Revised second floor 
plans) show our redesign of this space to appropriate scale: 
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Figure : Revised first floor plans 
 
Figure : Revised second floor plans 
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3.4.3 Potentially Implemented Energy Saving Technologies  
Based on multiple meetings with Housing Nantucket, our Project team has created an 
outline of technologies which could be implemented into the re-design of the Clifford House. 
Since the Clifford House is already a complete building, many of our suggestions are aimed at 
keeping as much of the existing property intact in order to preserve the embodied energy of the 
building while increasing overall energy efficiency. Since the Clifford House was built in 2004, 
many of the materials used to create the building need only minor improvements, while others will 
need to be completely renovated. The list below examines the technologies and their applications 
within the new office: 
1. Insulated Concrete Forms (ICF) - The Clifford House is going to be lifted from its original 
foundation and moved onto the new site by way of flatbed trucks. This means a new 
foundation must be poured upon which the frame of the building will be placed. Through our 
research, we have found that ICFs are very beneficial in many aspects of a home. An insulated 
concrete form is a block of foam which can be stacked and pieced together in order to form the 
base of a building’s foundation. The blocks are placed on site and then filled with concrete to 
create a foundation that is totally insulated. The conventional method for foundations would 
consist of using wooden forms to create the foundation, then removing them to leave exposed 
concrete. The foundation is then back filled with dirt after an insulated sheet is pressed against 
the wall. ICFs, although more expensive up front, have many benefits which outweigh the 
initial increase in price. The net cost to implement ICFs is decreased by the amount of energy 
efficiency it adds to the home and the money it saves on heating and cooling costs. ICFs also 
have added benefits of quicker construction time, less on-site waste, and quieter interior 
spaces. ICFs provide less transmission and growth of mold and fungus particles, which is a 
current issue in the Clifford House’s basement. According to Table : ICF Life Cycle Cost Analysis, 
which gives cost estimates for Toronto Canada, ICFs are the most efficient in reducing 
lifecycle energy costs but are not the most cost effective. Even though the price estimates are 
for Canada, this study shows that ICFs will be more cost effective with higher energy prices. 
After getting a basic verbal quote form a contractor, we were told that the ICFs would add a 
cost of around $5,000 more than standard exterior insulation. Because of Nantucket’s high 
energy prices we used the high cost life cycle estimate under the LLC of Basement System 
section. Under these assumptions, it shows that ICFs are comparable or less expensive than all 
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of the exterior insulation options. Due to these estimates, as well as the added benefits not 
directly related to cost, our Project team suggests the use of ICFs in the Clifford House. 
 
 
Table : ICF Life Cycle Cost Analysis (Canada Morgage and Housing Corporation, 2007) 
2. Solar Thermal Water Heating – The Clifford House currently heats its interior space using 
a standard forced hot water heating system powered by a gas furnace. This system uses hot 
water pumped through baseboard heaters. These systems are more efficient in their use of fuel 
when compared to oil furnaces, but still use expensive fuel which must be transported to the 
island by ship. This makes heating much more expensive when compared to off island prices 
and is not a green solution for heating the home. Our project team has analyzed the new office 
building’s potential use of solar hot water heating to provide heat for the building. The Clifford 
House will require very little domestic hot water when compared to a residential building; so 
much of the thermal energy gained could be used towards heating the building. The original 
gas system can be kept as a backup in the event of limited solar heat, but would primarily be 
run by the solar roof panels (Figure : Water Damage Around Clifford House Door). 
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Figure : Solar thermal schematic (Chris, 2012) 
For Massachusetts, these systems, although green, can take over 20 years to pay for themselves 
without any grants or funding. The average cost of a system is between $8,000 -$10,000, and 
can yield between 50 %-55% of a home’s hot water needs. This means that if your annual bill 
is $500, you would only be saving around $250 a year (Wilson, 2012). Our research on the 
subject has shown that solar thermal hot water systems are not very effective in heating forced 
hot water base board systems to the right temperature, and should mostly be used for heating 
domestic hot water. Due to Nantucket’s location very little heat would be generated during 
winter months when heating will be most necessary. Due to these factors we came to the 
conclusion that Solar Thermal Water heating is not going to be effective in saving large 
amounts of energy and is not cost effective for the project. 
 
3. Photovoltaic Systems- After deeming that solar thermal heating was not a viable option for 
the Clifford House the project team researched the benefits and disadvantages of adding PV 
Panels to the southern roof of the building. Solar systems seemed that they would be more 
beneficial to the needs of Housing Nantucket. The system would provide the building with a 
47 
 
percentage of its total energy use, decreasing the buildings dependence on the power grid. 
Unlike the solar thermal system, the energy harvested from the sun will be completely used 
during both the winter and summer months. After using a kWh calculator to determine the 
Clifford House’s approximate monthly energy usage, it was determined that the building would 
require 1,858 kWh per month or 22,296 kWh per year (Appendix D: Photovoltaic Calculations). 
After we determined the energy needs for the new system, we used a solar PV cost analysis 
calculator (Appendix D: Photovoltaic Calculations) in order to better understand the costs 
involved in the installation of the unit. Using the information gained from budgeting discussion 
with housing Nantucket Staff we determined that they would be able to budget for a unit 
around $20,000. On this budget not including nonprofit incentives, Housing Nantucket could 
install a 3.5kW solar PV system capable of producing 4,206 kWh of energy per year. After the 
inclusion of grant opportunities available to all businesses, the system would have a net cost of 
$20,428 at installation and a net cost of $7,826 after the 10 year incentives are fully paid to the 
organization. Housing Nantucket can expect to see a return on investment 10 years after the 
system has been installed. The energy produced by this system could reduce the new buildings 
electricity use by 18% a year, corresponding to annual energy savings of $1,008 and a 25 year 
lifetime return on investment of $14,924. If the organization is able to find incentives and 
grants specific for non-profits, then the potential for savings or the installation of a larger 
system could increase immensely.  
 
4. Improved insulation and weather-stripping- In order to take full advantage of the heating 
systems placed in the new office, it is important to conserve as much of the heat produced. 
Preventing air infiltration will have a large effect on the overall energy efficiency of the office 
throughout the year. This will ensure that the internal temperature regulating devices will not 
have to work harder than necessary. During our investigation of the Clifford House, we found 
water damage around doors and windows (Figure : Water Damage Around Clifford House Door). 
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Figure : Water Damage Around Clifford House Door 
This is strong indication that the weather stripping and insulation is not properly preventing 
the outside environment from penetrating the interior living space. It will be necessary to 
evaluate every instance, in which the building could allow the outside environment in, and 
properly seal and insulate it. This will cost very little money in the overall scale of the project, 
but can provide some of the biggest tradeoffs in savings. 
 
5. Storm doors and windows- Another step important for providing more efficient heat usage 
is improving the insulating properties of doors and windows. Storm doors and windows 
provide an extra layer of glass and air that decreases heat loss. The Clifford House does not 
currently have any storm windows or doors on the property. By adding storm doors, they will 
increase the efficiency of the building with relatively low costs. The Clifford House currently 
uses double paned windows, which provide adequate insulation from the outside environment 
and may not benefit greatly from storm windows. The investment in new storm windows will 
likely have little impact in overall efficiency and HN should focus their efforts on sealing the 
existing windows as effectively as possible. 
 
6. Programmable thermostats/ lighting- Behavior can be an important factor in the success of 
energy efficient technologies. There are some technologies which can be implemented in the 
office that do not require human interaction in order to be effective at saving energy. Devices 
such as controllable thermostats and lights can be installed in order to set ideal temperatures 
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automatically and turn off lights that were accidentally left on. By implementing these devices, 
Housing Nantucket can ensure that the office is not using excess energy when there is no one 
inside. The automated nature of these systems means that Housing Nantucket staff can focus 
on their work while the passive systems take care of energy saving habits, which can often be 
overlooked during a busy day. These items, although slightly more expensive than their 
traditional counterparts, can help save more energy and are much easier for the end user. Some 
thermostats have “smart” features which learn your habits over time and will automatically 
change to your preferences. These smart technologies will be viable in creating the most 
efficient office possible, however they are not yet cost effective enough to recommend for the 
Clifford House. While many sources quote a potential energy savings of between 10% and 
30% through the use of programmable thermostats, these savings are often unrealized by 
owners. According to a 2004 Energy Star™ study, “...programmable thermostats may be 
achieving considerably lower savings than their estimated potential. In particular, a study from 
the Energy Center of Wisconsin showed no statistical difference in heating intensity among 
their sample of single-family houses when comparing households with programmable 
thermostats and those without.” Energy Star™ also identified four key issues which prevent 
programmable thermostat users from saving as much as they could: 
o Many households (perhaps 30% or higher) with programmable thermostats may be unable, 
unwilling, afraid, uninterested, or otherwise reluctant to deploy default programs or to create or 
deploy custom programs; 
o Many households (about 50%) set back or set up their thermostats manually, thus leaving 
less savings possibilities to be garnered by a programmable thermostat; 
o The automatic program used with the thermostat may not be any more conservative than 
use of manual thermostats setback or setup by hand; 
o Many consumers have mental models of heating and cooling that lead them to believe they 
will not save energy from setting up or setting back other than long periods of time. 
Because it is up to the user to save energy with a programmable thermostat, it is not definite 
that a programmable thermostat will ultimately yield any savings, especially if the owner is 
unwilling to learn how to use it properly. However we still recommend Housing Nantucket 
utilize programmable thermostats in their new office building, as they can be quite effective at 
saving energy if used properly. 
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7. Low Flow Fixtures and Toilets- Low-flow amenities aim to reduce the water usage of 
showers and toilets. While there are the obvious benefits of lowered water usage, they also 
reduce the energy needed to heat water. Showers and faucets with low-flow units use less hot 
water, meaning less strain on the water heater and less energy used to heat the water. Recently, 
low-flow shower heads and faucets have incorporated the ability to oxygenate the water 
passing through them, making showers feel more substantial and refreshing.  
Low-flow or dual-flush toilets are another option for reducing a building’s water usage. 
Low-flow toilets use less than half the water per flush of a conventional toilet without a 
reduction in performance; their bowl shapes are optimized to remove waste with as little water 
as possible (http://tinyurl.com/cbck3fk). While low-flow toilets are a great way to save water, 
they require replacing existing toilets, making them less than attractive to those looking to 
modernize an existing building. Instead, a dual flush system can be installed in an existing 
toilet (http://tinyurl.com/cxg65sq). Dual flush systems generally allow the user to perform a 
half flush for liquid waste or a full flush for solid waste by either lifting or depressing the 
toilet’s handle. When used properly, these dual flush systems can help an existing toilet use 
less water and lead to reduced water bills. 
If Housing Nantucket wishes to replace the existing toilets at the Clifford House, then high-
efficiency toilets are a great way to help them save water and achieve Energy Star™ 
certification. If not, then dual-flush conversion kits are a great alternative; they install easily 
and allow regular toilets to flush with less water depending on the need. Either way, Housing 
Nantucket has multiple easy and simple options for saving water at the Clifford House. If they 
also do not wish to replace low flow faucets, then they can simply replace the aerators with 
energy efficient ones designed to increase the amount of air in the water while limiting flow. 
 
8. LED/ CFL Lighting- Compact fluorescent lamps, or CFL bulbs, are a fairly common form 
of energy-saving lighting today. They are coiled or folded to fit in the space of a typical 
incandescent bulb, and many of them are also dimmable. CFL lamps use between 1/3
rd
 and 
1/5
th
 the electricity of incandescent bulbs while lasting 8 to 15 times longer. These 
characteristics make CFL lighting much more cost effective than incandescent bulbs, which 
cost less but use more electricity and need to be replaced more frequently. The Clifford House 
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would benefit greatly from CFL lighting despite the greater up front cost. Not only would it 
help the building achieve Energy Star™ certification, it would reduce energy costs for the 
building and reduce necessary maintenance to replace the lights. While CFL bulbs are a viable 
alternative to incandescent lighting for their energy efficiency and longer life, there is an even 
better alternative emerging in the consumer market today: LED lighting. 
Light emitting diode (LED) lights have only recently appeared in an affordable, practical 
package; however, they offer even greater benefits over CFL and incandescent lights. LED 
lights are even more efficient than their CFL equivalents and last about 30 times longer than an 
incandescent bulb at around 30,000 hours. LED lights are free of toxic mercury, unlike CFL 
bulbs, and retain light output capacity better over their lifetime. The main disadvantage to LED 
lights is their increased cost, however their lifespan and decreased energy use still make them a 
better investment than incandescent or CFL lights.  
The Clifford House has seven exterior lights, twenty one first floor lights and twelve 
second floor lights, bringing the number of light fixtures to forty. On our visits we noticed all 
of these lights were traditional incandescent bulbs. According to figures from green-energy-
efficient-homes.com, this would mean an annual cost (including the cost of bulbs) of $190 if 
the lights are used two hours per day. If the lights in the Clifford House were replaced with 
CFL light bulbs, these costs would be only $46.80 a year - a total savings of $143.20 per year. 
This is a substantial decrease in total cost, but there are additional benefits to efficient lights as 
well. The electricity usage of the Clifford House’s lights would be 43.8 kW/h per year with 
traditional lighting; this usage would be cut by 34.3 kW/h per year to just 9.5 kW/h with CFL 
lights. These savings would be greatly increased, in theory, since one can expect the Clifford 
House to be lit for more than two hours per day. This change would help Housing Nantucket 
reach their goal of reducing their total energy usage by 15%, as CFL lights would reduce the 
energy usage of their lighting by about 78%. These figures prove that switching the Clifford 
House to energy efficient lights would hold only benefits to Housing Nantucket - not only 
through cost reduction, but also by helping them achieve Energy Star™ certification. 
Switching to LED lighting would yield an even higher yearly savings, but would require a 
significantly larger initial investment on Housing Nantucket’s part - one that is harder to 
recommend given that it will take longer for them to receive a return in the form of energy 
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savings. In addition, LED lighting is still a fairly new technology and as such can be expected 
to become much more affordable in the years to come. It would be a better idea to consider 
LED lighting once it is time to begin replacing the Clifford House’s CFL bulbs. 
3.4.4 Energy Star™ Certification Plan 
The process of certifying the Clifford House has multiple steps to it. We found that the 
building will need to be in use for at least eleven months before its energy use can be evaluated; 
Energy Star™ certification requires a comprehensive profile of the building including gross floor 
area. Once the energy use information has been entered into Energy Star™’s online Portfolio 
Manager (Environmental Protection Agency; Department of Energy) the building receives a score 
from 1-100. Buildings with scores greater than 75 meet Energy Star™’s performance target and 
must be evaluated by a professional engineer or registered architect in order to ensure the building 
is up to industry standards. The building will be checked for problems with light levels, 
ventilation, climate comfort, and pollutants among other things depending on the individual 
building. The specialist will also verify the energy usage and square footage of the building have 
been recorded accurately. The evaluator must sign the building’s Statement of Energy Performance  
(Environmental Protection Agency; Department of Energy)before sending it to the EPA along with 
a letter of agreement. The EPA will then review the application and ideally approve the building as 
an Energy Star™ building. 
 Energy Star™ certification is awarded for a specific year; however, a building becomes 
eligible to reapply one year after the last energy data entered for the previous year’s application. 
Energy Star™ also conducts occasional random inspections to ensure their buildings remain up to 
code. Though the application is free, the professional evaluation should be considered part of the 
yearly cost to maintain certification. 
 Being an Energy Star™ building holds many benefits. Compared to a standard building of 
the same size and purpose, Energy Star™ certified buildings use less energy for climate control 
and water heating. This reduction in energy use means substantially lower gas and electricity bills 
each year a building maintains Energy Star™ certification. These savings add up quickly; if 
Housing Nantucket maintains this standard of efficiency, they could save considerable amounts of 
money in the long run. In addition to savings on energy bills, Energy Star™ certification makes 
Housing Nantucket much more appealing to potential grants and donors; the organization might 
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even be eligible for additional grants because of their certification. Despite the work needed to 
retain certification, the benefits should outweigh the cost of yearly inspection, especially if 
Housing Nantucket works to acquire grants for Energy Star™ certified nonprofits. 
3.5 Pursuing Grant Opportunities 
Large nonprofit organizations often have a designated employee who is tasked with 
researching grants and incentives that are applicable to the organization and its goals. There are so 
many grants available at one time and in so many locations for different types of organizations that 
tracking down and applying to appropriate grants is a full time job for some non-profit 
organizations. Unfortunately many smaller organizations, such as Housing Nantucket, do not have 
the resources to devote a full time employee to grant research.  
Housing Nantucket has the potential to benefit greatly from programs such as Mass Save 
incentives, but these can be difficult to find. While they can be helpful, they only provide rebates 
for specific products and technologies. Because the Clifford House will be refreshed with all new 
amenities, this makes it inconvenient for Housing Nantucket to seek rebates for every individual 
light bulb and toilet installed in the building, especially since Mass Save generally gives 
organizations a choice of specific models and brands for each incentive. Because Housing 
Nantucket lacks the resources to find grants on its own, it would be much more helpful for them to 
outsource the task. 
 Luckily, there are many non-profit organizations dedicated to helping other non-profits find 
and apply to appropriate grants. Through our research, we found grantgopher.com to be an 
excellent resource for Housing Nantucket. For $50 per year ($10 a month or $30 for six months) 
Grant Gopher will track over 100,000 grant providing foundations as well as city, county, state and 
federal grant programs and email Housing Nantucket when grants they are eligible for are open for 
application. The website even provides subscribers with templates they can use to apply for 
various grants. While there are other, similar websites which will help in a similar fashion, Grant 
Gopher offers the most tools for the lowest price and we hope Housing Nantucket will find a 
subscription beneficial. 
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4.0 Final Conclusions and Recommendations 
 Through our research, we were not only able to improve upon Housing Nantucket’s 
database – we were also able to research possible ways to save energy at the Clifford House and 
create informative outreach materials for Housing Nantucket tenants. We also found which energy 
efficiency ratings boards would work best for Housing Nantucket and found that Energy Star™ 
certification would be most appropriate. 
 The improvements we made to the Housing Nantucket database yielded many new and 
improved features over the original. Not only does it enforce much greater consistency over 
spelling and terminology, it also allows for multiple users to edit the database without transferring 
a single file back and forth. Furthermore, the simplicity offered by the search forms makes 
retrieving desired information faster and easier, even for inexperienced users. The project team 
suggests that Housing Nantucket continues to expand upon on our provided database with any 
information they feel we have failed to include or becomes relevant in the future. Using the 
Database will allow them to become more efficient in data storage and access. We suggest that 
Housing Nantucket transfer there QuickBooks data into the access database once a quarter in order 
to have a searchable record of housing maintenance. Periodic updates of the database will ensure 
that it does not get outdated and require more work to fix later down the road. If new properties are 
acquired or existing properties are audited, the team suggests that the appropriate data be added. 
 After assessing the needs and intended usage of the Clifford House, we were able to 
research several opportunities in which it could save energy. While not all avenues we researched 
are ones that we would recommend to Housing Nantucket, we still feel that energy efficient CFL 
lighting, photovoltaic panels, an ICF foundation, improving weather stripping and insulation, and 
low flow plumbing fixtures would be very beneficial and help the building achieve Energy Star™ 
certification. The Project team suggests the following items be considered for the re-design of the 
Clifford House: 
 The building should be redesigned according to the plans provided by the project team. We 
feel that this layout will provide the best use of space and interaction between office staff. 
 
 The unused office space should be rented to other organizations, allowing Housing Nantucket 
to earn back some renovation costs through unused space. 
 
 The Building should utilize an ICF foundation, as it will save considerable energy and prevent 
mold. This will incur higher costs up front which will eventually be paid off by lower energy 
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prices. In order to gain similar insulation ratings as ICF’s using traditional insulation, the 
building would need to finish the basement space completely. This means that having to finish 
the basement to installs ICF’s, should not be considered as added costs. Housing Nantucket 
should make sure that it advertises the use of the products in the building when applying for 
grants or energy star certification as it will show their commitment to energy efficiency. 
 
 The inclusion of a 3.5 kW Photovoltaic system will allow the office to produce 18% of its 
electricity a year for an installation cost of $20,000. The system will have paid for itself after 
10 years due to the energy bill savings and the full payment of the ten year incentive plan. The 
office can expect a 25 year lifetime return on investment of $14,924. This system will be much 
more effective than solar thermal water heating, as it will allow them to utilize the energy 
gained during all months of the year. This system can be expanded in the future with the 
addition of more roof panels if Housing Nantucket wishes to increase their energy returns. 
 
 The building should be audited by a professional in order to address the issues of missing 
weather stripping and insulation. The suggestions by the auditor will be subsidized, meaning 
that any changes that need to be made will have lower costs than if installed through other 
means. The auditor may also provide CFL light bulbs at lower costs.  
 
 All lights in the building should be changed to CFL’s as they will provide the building with 
$143.20 in savings per year and a reduction of energy used for lighting by 80%. Compared to 
the overall costs of the project, these fees will be very small for the amount of benefit they will 
provide to reducing energy use. 
 
 The building should incorporate low flow fixtures and toilets as they will drastically reduce the 
amount of water used in the building. If Housing Nantucket wishes to replace the fixtures 
completely they should purchase new products rated for high efficiency. If they wish to keep 
the existing fixtures, they should install low flow aerators in sinks and dual flush conversion 
kits in toilets. 
 
 The implementation of programmable thermostats has the potential to save potential energy 
savings of between 10% and 30% in heating costs. These figures are dependent on the existing 
energy habits within the office. If staff are already efficient in controlling the thermostat than 
minimal savings will be seen. All of these items are only slightly more or equal in cost to their 
inefficient counterparts, and will disregard any human errors in temperature control. 
 
 Through our survey, we were able to successfully discover trends in tenants’ behaviors, 
such as their tendency to leave cable boxes on or the general lack of window insulation in their 
homes. With this knowledge, we were able to refine the tips in the pamphlet to address specific 
areas in which tenants could improve their energy use habits. We feel that a more general 
version of our pamphlet could benefit summer renters on the island and as such have created a 
version better suited to them as well (Appendix E: Generalized Energy Saving Pamphlet). This way 
our research could benefit more of the island if it were successfully implemented. From the 
data collected in the survey, we have cleaned the following recommendations: 
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Recommendations for Energy Efficiency in Rental Properties 
 
 Most tenants are reasonably aware about energy saving measures (take short showers, turn off 
lights, keep thermostats at <65 and where warm clothes, turn down thermostat at night or when 
leave house, etc.). These behaviors should be continually reinforced by directing them to the 
energy website via pamphlet. 
 
 Housing Nantucket properties suffer from many drafts, leading to wasted money and energy on 
heat, which escapes the house. We recommend Housing Nantucket either provide or encourage 
weather stripping be installed in homes where tenants notice drafts because it is cheap, 
effective, and easy to install. They can provide the materials to tenants, as well as a set of brief 
instructions of installation. 
 
 Many tenants do not unplug device chargers when they are not in use. The use of “smart” 
power strips, which automatically turn individual outlets off when there is little power drawn 
from them, would be helpful in preventing this unnecessary power draw. If possible Housing 
Nantucket should look to buy these cheaply and provide to tenants at reduced costs. 
 
 Most tenants do not turn their cable boxes off when they are not watching television. Because 
these devices draw a lot of power, it is important to turn them off when the television is not on; 
this can be made easier by programming the cable remote to turn both the television and cable 
boxes off with one press. Most modern cable remotes support this feature. 
 
 Housing Nantucket should begin replacing old or broken appliances in tenants’ homes with 
Energy Star™ certified appliances; most of the tenants indicated they had no such appliances 
in their home. 
 
 Housing Nantucket tenants are fairly responsible when it comes to saving energy. Nearly all 
tenants said they turn lights off when they are not in the room, and many of them turn the 
thermostat down before leaving their house and add or remove layers of clothing to get 
comfortable rather than change the temperature. 
 
 The project team suggests that Housing Nantucket continue the education of existing and 
future tenants through the distribution of the brochure, website, and other materials. 
 
 All properties acquired in the future should be energy audited. 
Tenants’ satisfaction with HN 
 Survey reveals high level of support for Housing Nantucket. 
 Testimonials indicate value of what Housing Nantucket does for its tenants and the 
community. 
 Housing Nantucket should continue what it is currently doing in order to keep tenants 
satisfied as well as conducting periodic tenant surveys to gauge satisfaction and concerns. 
 
 Housing Nantucket should use the testimonials gained to bolster support for their program. 
57 
 
Works cited 
Request for Design Service Qualifications. (2008). Retrieved from Housing Nantucket: 
http://housingnantucket.org/reports/HRC%20RFQ.pdf 
About Nantucket. (2012). Retrieved from Town & County of Nantucket, Massachusetts: 
http://www.nantucket-ma.gov/pages/nantucketma_webdocs/about 
About Us. History. (2012). Retrieved from Nantucket Land Council, Inc: 
http://www.nantucketlandcouncil.org/History.html 
Nantucket. (2012). Retrieved from Encyclopædia Britannica: 
http://www.britannica.com/EBchecked/topic/402761/Nantucket 
Nantucket Facts. (2012). Retrieved from Nantucket.net: http://www.nantucket.net/links/facts.php 
Nantucket, Regular Residential (R-1). (2012). Retrieved from Billing and Rates, National Gird: 
http://www.nationalgridus.com/nantucket/home/rates/4_res.asp 
Aum, H., Ostermeyer, Y., Salzer, C., & Zea Escamilla, E. (2011). Indicator based sustainability assessment 
tool for affordable housing construction technologies. Ecological Indicators, 18(0), 353-364. 
doi:10.1016/j.ecolind.2011.12.005 
Bradshaw, W., Connelly, E. F., Cook, M. F., Goldstein, J., & Pauly, J. (2005). The Costs and Benefi ts of Green 
Affordable Housing. New Ecology. 
Canada Morgage and Housing Corporation. (2007). Ecconomic Assessment of Residential Basement 
Insulation Options., (p. 5). 
Chris. (2012, January). Solar Powered Differential Temperature Controllers. Retrieved from Map A Watt: 
http://mapawatt.com/2010/01/25/solar-powered-differential-temperature-controllers/ 
Environmental Protection Agency; Department of Energy. (n.d.). ENERGY STAR. Retrieved September 12, 
2012 
Gertner, J. (2001, July). There Goes The Neigborhood. Money. 
Grenier, B. A. (2011, 1 21). A Breif History of Nantucket. Retrieved from Bart A. Grenier's Blog: 
http://bartgrenier.wordpress.com/ 
Hood, E. (2005). Dwelling Disparities: How Poor Housing Leads to Poor Health. Environ Health Perspect. 
Iqbal, M. T. (2004). A feasibility study of a zero energy home in newfoundland. Renewable Energy, 29(2), 
277-289. doi:10.1016/S0960-1481(03)00192-7 
Lang, C., & Stout, K. (1995). Buildiing with Nantucket in Mind (1st ed.). Nantucket: Casey Publications, Inc. 
Manville, M., Pagini, J., & Russell, J. (2000). The Nantucket Comprehensive Community Plan. Nantucket. 
58 
 
NHA Properties Inc. (n.d.). Housing Nantucket. Retrieved September 9, 2012 
Nielsen Company. (2011). State of the Media.  
Pacific Power. (2012). Energy Usage Calculator. 
Residential Energy Services Network. (2012). Understanding the HERS Index Score. Retrieved from RESNET: 
http://www.resnet.us/understanding-the-hers-index 
Ryan, J. (2002). Nantucket Hosuing Our Community. Retrieved from Housing Nantucket: 
http://www.housingnantucket.org/reports/housing_needs.pdf 
Solar Energy Matters LLC. (2012). Solar Electric Estimate. 
U.S Department of Housing and Urban Developement. (n.d.). FY 2012 Income Limits Documentations 
System. Nantucket, MA. 
U.S. Green Building Council. (2011). USGBC: LEED. Retrieved September 12, 2012 
United States Census Bureau. (2012). Nantucket County, Massachuestts. Retrieved from U.S. Department 
of Commerce: http://quickfacts.census.gov/qfd/states/25/25019.html 
Vande, M., & Musser, A. (2011). The Vandemusser Residence. Retrieved from U.S Green Buildings Council: 
https://new.usgbc.org/projects/vandemusser-residence?view=stories 
Vandemusser. (2012, 4 9). Vande-Musser Residence - A Net-Zero, LEED Platinum Home. Retrieved from 
FineHomebuilding: http://www.finehomebuilding.com/item/22993/vande-musser-residence-a-
net-zero-leed-platinum-home 
Walling, & Grey. (2005). Nantucket_1871. Retrieved from Old-Maps: http://www.old-
maps.com/ma/ma_NantucketMaps/Nantucket_1871_Gray-wb.jpg 
Way, G. (2009). Sustainable Preservation, Addendum. In C. Lang, & K. Stout, Building with Nantucket in 
Mind (p. 25). Nantucket: Casey Publications, Inc. 
Wilson, P. (2012). Doing the Math on Solar Water Heaters. American Thinker. 
  
 
 
 
  
59 
 
Appendices 
Appendix A: Survey Materials 
Cover Page 
Good Day, 
We are Worcester Polytechnic Institute undergraduates working on a project in order to 
fulfill our requirements for Graduation. 
We are collaborating with Housing Nantucket and would like to understand your energy 
use habits, knowledge of energy saving practices, and knowledge of energy saving technologies. 
The information gained from the survey will be used by Housing Nantucket, to identify 
renovations that could help you save money on your energy bills. The information collected will 
be kept confidential. Your name or other identifying information will not appear in any of our 
reports. Please complete the attached survey and leave it next to your doormat [sealed in the 
protective plastic bag] on Friday 11.9.12 so that we may collect the completed surveys. You may 
also drop the completed survey off at Housing Nantucket’s office at 15 Teasdale Circle.  
 If you are interested in learning more please contact: HNIQPB12@wpi.edu or call 
Housing Nantucket at 508.228.4422  
Sincerely, 
Ethan Forbes, Casey Hayes, and Alex Kafantis  
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Appendix B: Survey Follow-up Calls 
Preamble for Tenants who have not returned survey 
“Good ___ (morning/afternoon), ___ (sir/madam). My name is (name), and I am a student 
from the Worcester Polytechnic Institute in Worcester, Massachusetts. I am currently 
working in conjunction with Housing Nantucket to conduct an assessment on the energy 
use of their rental properties. We hope to help you save money by conserving energy in 
your home through the use of efficient technologies as well as energy saving habits. We 
have recently mailed a survey to your address but have not received a response yet. We 
were wondering if you have time to possibly take the survey by phone (work with tenant to 
create appropriate time/extension for paper survey), or if you have received the survey, we 
would appreciate it if you could complete it and send it back to us at your earliest 
convenience. All the information collected will be completely confidential and anonymous, 
unless you wish otherwise. Thank you for willingness to help. 
 
Preamble for Tenants who have agreed to give their testimonials and stories 
“Good ___ (morning/afternoon), ___ (sir/madam). My name is (name), and I am a student 
from the Worcester Polytechnic Institute in Worcester, Massachusetts. I am currently 
working in conjunction with Housing Nantucket to conduct an assessment on the energy 
use of their rental properties. We are pleased to have received your survey, which indicated 
your willingness to conduct a follow-up interview with us. We would like to set up a time 
to talk with you at your earliest convenience. All the information collected will be 
completely confidential and anonymous, unless you wish otherwise. (Discussion about 
meeting time) Your testimonial and stories will be helpful for Housing Nantucket to bring 
awareness to the work of their organization. Thank you for willingness to help. 
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Appendix C: Pamphlet and Webpage Link/QR Code
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Appendix D: Photovoltaic Calculations 
 
(Pacific Power, 2012) 
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(Solar Energy Matters LLC, 2012) 
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(Solar Energy Matters LLC, 2012) 
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(Solar Energy Matters LLC, 2012) 
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(Solar Energy Matters LLC, 2012) 
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Appendix E: Generalized Energy Saving Pamphlet 
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